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INTRODUCTION 

A general Investigation on the suitability of aromatic amines 
as antiknock additives in aviation gasolines is being conducted at 
the Cleveland laboratory of the NACA at the request of the Army Air 
Forces, Air Technical Service Command. The present report is the 
second in a series dealing with the low-temperature solubility of 
aromatic amines in aviation gasolines. The first paper in the series 
(reference 1) reports tests and results for 1? aromatic amines. The 
antiknock effectiveness of 2-percent blends of various amines in 
AN-F-28, Amendment-2, fuel (grada 130) Is reported in references 2 
to 4. Reference % presents tests and data on the suitability of 
amine blends for overwater storage. 

The purpose of the present report is to present the low-temperature 
solubility In gasoline of 24 aromatic aminos. The solubilities of 
the amines at -60° C, the standard freezing specification for current 
Army-Navy aviation fuels, was a particular objective of the tests. 
Solubilities were determined at temperatures as low as -6E>° C and in 
concentrations as high as 10 percent by weight. These conditions are 
more severe than those specified by the Army and the Navy and there- 
fore permit a critical evaluation of the suitability of aromatic 
amines as fuel additives on the basis of solubility alone. 

Becausu gasoline composition affects the solubility of the amines, 
the amine solubilities were determined in an aromatic-free gasoline, 
a gasollny of known aromatic content, and a typical AN-F-28 fuel. The 
investigation was conducted between March and &3ptember 1944. 
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GASOLINE AND AKENE SPECIFICATIONS 

■ 

The fuels used for the present investigation are the same as 
those used in reference 1; their compositions are as follows: 

1. Grade 6f? base stock from which aromatic hydrocarbons were 
successively extracted with 10-percent fuming sulfuric acid and 
silica gel 

2. The extracted grade 6£ base stock to which was added 15 per- 
cent by volume of an aromatic-hydrocarbon mixture of five parts xylene, 
two parts cumene, and one part toluene 

3. Different batches of AN-F-28, Amendment-2, fuel (grade 130) 
containing 12 to 20 percent aromatics 

The physical properties of the amines tested are given in table I. 



APPARATUS AND PROCEDURE 

The cloud-point apparatus is illustrated in figure 1 and the 
apparatus for obtaining saturated samples is shown in figure 2; they 
are both described in reference 1. 

The incipient-separation temperature, or cloud point, was deter- 
mined whenever possible with blends of known amine content. In cases 
wht>re supercooling made the cloud-point method unreliable, saturated 
gasoline samples were withdrawn from the mixtures of gasoline and amine 
and were subsequently analyzed by one of the two methods described in 
r-ference 1. 



RESULTS AND DISCUSSION 

Figures 3 to 5 present the solubilities of the amines in each 
of the three test fuels. Any amine concentration lying above the 
dashed line at -60° C failed to meet current Army-Navy freezing spec- 
ifications. 

No data for amines more solublu than 10 pur cunt by weight at 
-60° C weru obtained or plotted in thu figures. Those amines include j 

o-Is opropylaniline 

^-Isopropylaniline 

N-Is opropyl-p^-is opropylaniline 

Cumidines from synthetic cumene 

Cumidines from refinery cumene 
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N-Me thyloumid lne s 

y-Methyl-p-tert-butylanlline 

N-Methyl-2,4^xyiidine 

N-Methylxylldihea ■■ ■ ■ 

2,4-Diethylaniline 

2-Hethyl-5-isopropylaniline 

N, N-Dimethyl-2-methyl-fj-isopr opylani 1 las 

N, N-Dimethyl-2 , 4, 6-tr imethy lani 1 ine 

Pseudooumidine (teoh. ) 

Because p-phenylenediamine and N-me t hy 1 -£-pheny 1 ened iamine were 
less than 0.5peroent by weight soluble in the test gasolines at room 
temperature, no additional solubility data were taken for these com- 
pounds. The NjN' -dimethyl -p-phenylenediamine was soluble to the extent 
of 1 to 2 peroent by weight at room temperature but was too unstable 
to permit aoourate measurement of solubility by the method employed* 
H,N-Diethyl-p_-phenylenediamine was tested only in the aromatio-free 
gasoline. 

As has been previously observed (reforonoe l), the composition 
of the test gasolines has a marked effect on the solubility of the 
amines* At any tomperaturo, the amines were approximately twice as 
soluble in the aroma tio gasoline and In AN-F-28 fuel, whioh contains 
12 to 20 percent aromatios, as in the aromatio-freo gasoline. 

A summary of the solubilities of tho aromatio amines at -60° C, 
determined by interpolating or extrapolating tho experimental data, 
is presented in table II. Tho data for commercial xylidines, obtainod 
from roferenoo 6, aro inoludod for comparison. 

The solubility of an aromatio amine in the aroma t'io-froe gaso- 
line at -60° C may be taken as an indication of tho maximum concen- 
tration in whioh the amine may be added to current aviation fuels 
sololy on the basis of solubility. The aromatio hydrocarbons present 
In most of tho ourront aviation' fuels would provide a margin of safety 
in preventing separation of tho amino at -60° C. 

CONCLUSIONS 

Tho following amines meet present Amy-Navy freezing spoclfioa- 
tions whon blended with aviation gasoline In concentrations up to 
2 peroont by weight i 

o-Isopropylanillno 

«"~-Isopropylanilino 
-Isopropyl-p-isopropylanilino 
Cumidlnes from synthetic oumone 
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Cumidines from refinery cumene 

N-Me thy lcumi dine s 

p-tert-Butylaniline 

!^BeT%l-p-tert-*utylaniline 

2,6-XylidIne 

N-Me thy 1-2 ,l|-xyli dine 

N-Methylxylidine s 

2 , U-Die thylanil±ne 

2-Me thy l-^-isopropylani line 

N,N-Dlmetbyl-2-fflethyl-^-isopropylaniline 

2,h, 6-Trimethy laniline 

N,N-Dimethy 1-2, h^trimethylani line 

Pseudocumidine (tech.) 

Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, November 17, 19hh» 
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TABLE I - PHYSICAL PROPERTIES OF AROMATIC AMINES 



Amine 



Boiling range 
at 76O mm Hg 
except where 
noted 
(°G) 



Index 
of 

refrac- 
tion 

«D 20 



o-Is opr opylaniline 
j>-Is opr opylaniline 
N-Isopropyl-p_-is opr opylaniline 
Cumidines from synthetic cumene 
Cuaildir.e& from refinery cucene 
N-Methylcumid ines 
p-t ert- Buty Ianiline 
W-Kethyl-p- tert'- butylaniline 
2,6-Xylidine 
N-L'ethyl-2 ,4-xr'lidine 
N-L'ethylxylidines (from broro- 

xylenes) 
2 , 4-Diethylaniline 
2-M3thyl-5-isotirop:v ianiline 
N, N-Dimethyl-2-methyl -5- 

is opr opyls niline 
2,4, 6-Trimethy Ianiline 
N , N-Dimethyl-2 .4,6- 

tr imethylaniline 
Pkoud -icumidinu ( tech . ) 
2- F-jtnoxyaniline 
Diphenylamine 
g-Fhenylenediamine 
N-lfe thyl-pj-phonylened iamine 
N , N-Dlmethyl-pj-phenylenediamlne 
N, N-Diethyl-pj-phenylenediamine 
N, N'-Dimethyl-pj-pheriylenediajnine 



219- 220 
22^.5-226.5 
246-247 
225-226 

220- 2nl 
237.5-241.5 
96.5-98 at 5-6 ran 
245.5-249.5 
216-217 

221- 222 
220-227 

241-242 
240-2*2 
84 at j mm 

110 at 15 mm 
213.5 

225-241 
224-225 

fc.P.l = ;2.9-53.6 . 
V.P. 1 - 140.0-142.0 
121 at 5 mm 
10)3-111 at 4-5 mm 
117 at 2.< mm 
117 at 1 mm 



1.5484 
1.^432 
1.5209 
1.5448 
1.5<H 
1.5390 
1.5388 
1.5348 
1.5616 
1,5542 
1.5 ?40 

1.5433 

1.5408 
1.5124 

1.5502 
1.5116 

L.5568 
1.5750 



1.621 



■^felting point (M.P.) measured for this solid instead of boiling 
range. 

NATIONAL ADVISORY CQM?.0:TT.iE 
FOR A,5R0tfAUTICS 
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TABLE II -. SOLUBILITY OF AROMATIC ALTJteS AT - 60° C 

The following aminos had solubilities less than 0.5 per- 
cent by weight at -60° C and theref ore are unsatisfac- 
tory as fuel additives on the basis of solubility: 

JMfothyloxyaniline 

Diphen; r lamine 

pwphenylened iamlne 

N-lfothy ] -p-ph< ! nylenodiamine 

N , N-Dimotnyl-pj-phenyl^odiamine 

N, N-Diethyl-p-phunylenuriismine 

N, N 1 -Dimethyl-pj-phenyl«-ned J amine 





Solubility in aviation fuels 




(percontago by weight) 






Aromatic-free 




Amine 


Aromatic- 


grade 65 plus 


AN-F-26 


fro« 


1? percent by 






grade 65 


volume aromatics^- 




o-Isoj.rcpy laniline 


>10 


>10 


>10 


£-Isopropylaniline 


>10 ... ■ 


. >10 ■ 


>10 


K-Isopropyl-g-dsopropy laniline 


>10 


>10 


>10 


Cumidinee from synthetic cumene 


>10 ■■ . 


>10 


>10 


Cumidines from refinery cumene 


>10 


>10 


>10 


N-lkthylcumldines 


>10 


>10 


>1D 


p-tert-Buty laniline' 
N-Vethyl-pj-tert-buty laniline 
2,6-XylidTne 


2.8 


4.6 


6.1 


>10 


>10 


>10 


4.6 


11.1 


9.1 


N-Methyl-2 , 4-xylidine 


>10 


>10 


>i0 


If-!fethylxylidines (from bromo- 


>10 


>W 


>10 


xjrlunec) 








2 ,4-Diethylaniline 


>10 


>10 


>10 


2-Methyl-!?-isopropy laniline 


>10 


>10 


>10 


N, N-Dimethyl-2-mothyl-?- 


>10 


310 


>io ■ 


i 5 oor ony laniline 








2 ,4 ,6-Tri methy laniline 


3.6 


6.1 


6.8 


N , N-Dimethy 1-2 ,4,6- 
trimethy laniline 


>10 


3L0 


>10 








Psttudocumidine (tech.) 


>10 


>10 


>10 


XiLEDTNES 2 (commercial) 


3.7 


>10 


>10 



■'■Aromatic mixture consisted of five parts xylune, two parts cumene, 
and one part toluene; - , 

2 Data from raforence 6. HAT IONAL "ADVISORY COLfTTTiSE 

FOH AaHONAUTICS 
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Coolant-thermometer well 
Insulating box 
Bypass and value 
Sample tube 

three- junction iron-constant on 
thermopl I e 
Deuar flask 
Stirrer 

Cold-junct ion bath 

Cent rl fugal clrculot Ing pump,' 

uarloble speed 

Relrigerot Ing bath 




Figure i. - Cloud-point apparatus. 
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-To vacuum 
^pr pressure 




Sample 
rece iuing 
vessel- 



Pinch clomp 




i amp—? 



rDevor 




Chamo i s 
fi Iter^ 





Three- j unct i on, 
iron-const an! an 
thermopi I e 



-Tes t tube 



-Stirrer 




Figure 2. - Apparatus for obtaining saturated samples. 

NATIONAL ADVISORY 
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2 ^ 6 8 10 

Amine concentration, percent by weight 
figure 3. - Solubility of aromatic aalnee In grade 65 baae stock with the aromatic 
hydrocarbons extracted. 
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o 2 h 6 8 io 

Amine concentration, percent by weight 
rigure - Solubility of aromatic amine* In a blend of 85 percent extracted grade 
65 base stock and 15 percent by volume of an aromatic mixture consisting of 
15 parts xylene, 2 parts cumene, and 1 part toluene. 
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Amine concentration, percent by weight 
Figure 5« - Solubility of aromatic amines In grade 1J0 gasoline. 
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